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w m m 

[0001] frmmi*. e-4*;ism&^irz%vTMh*<D2m2 > m<Di%miZ7kmm%mA 
[0002] *mwte-£t^ $-j*;>n*^irttv^;jY(Dzmrm<Dm.m\z.imim$: 
[0003] *mmtet.tc mM^y—^9-^ o ^])^m(GGPP)^>^—^^—vir^ 

[0004] ^n^V-fK (carotenoid, Jjv^MFbhWtthZ) te, WLMWfiW^V?^^ 

o^y-l'K^^^l^tvTV^.5(Britton, G., Liaaen-Jensen, S., and Pfander, H., 
Carotenoids Handbook, Birkhauser Verlag, Basel, 2004) 0 ftjfiTfl^^^y^'KCO^ 

tf^tbTl^ (fc£;U£ s W^ttM, *tMfrK, ^»S5fe, Food Style 21, 4, 
53-55, 2000; Nishino, H. et al, Carotenoids in cancer chemoprevention. Cancer 
Metastasis Rev. 21, 257-264, 2002; Mayne, S.T., j3 -Carotene, carotenoids, and 
disease prevention in humans. FASEB J., 10, 690-701, 1996#flg) 0 
[0005] JjvTMhlH 2>mt£mMfrbte% iZbfafa-frb-f, mE*X\z:m<D^®5mm. (tr- 

^-mmnm. mm^nnkm K&t?tix%ttv^;4}?<DWMtez:<mbti 

tch<DXhofZo ^flhMn'rJ^YVi^ j3-#trrV( /3 -carotene, p-jjv^tk 
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W&tlZ>:4k¥&&&). y=»^(lycopene, V^^bhW IttlZ : h^hd^yftffl) , 
a -^n^VC a -carotene, a-^n^WrbPffifcixS:'*— AJfc^kifctfi) , 
lutein :-^y— =f— ^HJ&»W*ttl) . T^^V^Wastaxanthinr^T^ 
HaematococcusM ^^^ttffi. £7cte:fl^-a-/&D B a ) , ^^^^(fiicoxanthin: 
-kmmMfrbttitil) , /3 -^y^HriJ-^VC 0 -cryptoxanthinrmM^^Wttft) 

^^^^^40%, /i^^£rmT;*^1^^&^?^70%. j3-^n 
)<D3££^te, |SJC<*o^/>fK*lft^l^V^^ha— /w^Srl00%i:i-5i:. T 
^-^^^50%, p-UnT>$i^V*&70%, y=i^^l£^£;*tfSl00%<Djffi 

^^10%, T^^^^^^^^^100%OS^^-efeofc o rtLb3o 

T\ y=»^v©^*S Wt?#fci:V ^*§*#*#£j»VCV ^ (Giovannucci, 
E., Ascherio, A., Rimm, E. B., Stampfer, M. J., Colditz, G. A., Willet, W. C., 
Intake of carotenids and retinol in relation to risk of prostate cancer. J. National 
Cancer Institute 87, 1767-1776, 1995; Vogt, T.M. et al, Serum lycopene, other 
serum carotenoids, and risk of prostate cancer in US Blacks and Whites. Am. J. 
Epidemiol. 155, 1023-1032, 2002#flg) o *fc*jE, j8 -^y^h^f-^^JWS^ 
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P5$j}^m^^b&mbMZ.£tl-D'D&Z)(Yuan, J.M., Stram, D.O., Arakawa, K., 
Lee, H.P. and Yu M.C., Dietary cryptoxanthin and reduced risk of lung cancer: the 
Singapore Chinese Health Study. Cancer Epidemiol. Biomarkers Prev. 12, 890-898, 
2003; Mannisto, S. et al, Dietary carotenoids and risk of lung cancer in a pooled 
analysis of seven cohort studies. Cancer Epidemiol. Biomarkers Prev. 13, 40-48, 

2004#M) o £t>iz.ffi<D^®5%}%zgxmz.h, ««*5R©«tt^, & \**w. j $>m<Dm<7> 

W5 e tlbz.&, ISO'lf t£-^ (H^^ti^ffiCage-related macular degeneration)-^ 3 1*3 
K:S6*3ftS»l#-e#5*n^-f Ktt, ^xm^T^^MW^X, ;v 
7 i -r^^^fT=3ri^^^C»^i:V^5^m^#^$*^-CV^S(Semba, R.D. and Dagnelie, 

G., Are lutein and zeaxanthin conditionally essential nutrients for eye health? 
Med. Hypotheses 61, 465-472, 2003; Mazaffarieh, M„ Sacu, S. and Wedrich, A., 
The role of the carotenoids, lutein and zeaxanthin, in protecting against age-related 

macular degeneration: A review based on controversial evidence. Nutr. J., 2, 20, 
2003MQo 

[0006] £Jt_L©*£&H\ 700«^ ±3bZ>Jjv*rMY<D$*X', HBR:HMIft*fflv^i/ 

'</wu_h©w8rc, &m<Dm&m<D^ffi®mmft£tix\,^h<D^ ion 

^m^i^^^M^(DmmmibhMt^^t^vx^o mmzmtz 
frx%tz%*TM\?<DnM&&te^k<Dmjz<Dmmfe. mm. &t 

[ooo73 ±Mz<nmm^wrttft<Dmt}tt®.bv,x, ^TMh^^mm^m^ 

. j:-^';^ (Candida utilis) Id, ^o^y^K^^it^P^A-^l^ 
§*T, y=^^«r7.8 mg/g(ftMfi)^^$*5<©^5bL/t:(Shiinada, H., Kondo, 
K., Fraser, P. D., Miura, Y., Saito, T., and Misawa, N., Increased carotenoid 
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production by the foood yeast Candida utilis through metabolic engineering of the 
isoprenoid pathway. Appl. Environ. Microbiol., 64, 2676-2680, 1998) „ ^.(Di&fc^ 

X^i^&LTl ^m^XJi^^t^y^^^^ (parasiloxanthin) & 
m&ttmMX*^%vTMhmWtVX&mistc(Tekaichi, S., Sandmann, G., 
Schnurr, G., Satomi, Y., Suzuki, A., and Misawa, N. The carotenoid 7,8-dihydro-W 
end group can be cyclized by the lycopene cyclases from the bacterium Erwinia 
uredovora and the higher nlant Cansicum annuum. Eur. J. Biochem., 241, 291-296, 

1996) o £fc, ^xumm^m^m^tz u ^^m n (D^xxTMvx^T^ 

j3 -S^OVaVK (astaxanthin- 0 -diglucoside) &m&ZL3:^WX'frf$& 
er&fe?) (Yokoyama, A., Shizuri, Y.,and Misawa, N., Production of new 
carotenoids, astaxanthin glucosides, by Escherichia coli transformants carrying 
carotenoid biosynthetic genes. Tetrahed. Lett., 39, 3709-3712, 1998) 0 

[0008] ^mM^Mh^mmm^m^m^m^h^mm^nx^tc^TM 

uredovora) ^ ; fti£, ^mM^Oh^T • (Pantoea ananatis) tm^thX 

v^s] &te<7)^<DXh% 0 ^v^^^rmMm^h^M^fitd&^^-t. cue. she. 

crtL crtYs crtZx crtX (DGfefe^XM) \ ^tb^^jl^^^n— Ki~5^^^^^ ( 
CrtE, CrtB, CrtI, CrtY, CrtZ, CrtX)(Dm^mi^B^thX^^{^WX^kl0 

m) 0 Tx**y-i/?-i/&±&)&£tt^m&te. mwmmxihz^y^yj} 

7* (Paracoccus ) JH^fllH fParacoccus sp. MBIC 01143 (Aerobacterium aurantiacum ) 
gna&<P crtw Mfc^-fi'&^X&Z) (MDo s<y^yjJ^MBWfrbfe, crtB. crtl. 
crtY, crtZ, crtW <D5it^^^$^TV ^ (lHM#fF:£iifcl#$0 o crtB> crU. crtY 

Jl#ffl0<£>crtE, crtB, crtl, g£ffim^$MA*56&£ltltJzmigtt 0 -*vi s r>$:& 
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^"(DT^^fyfy- /3 -v ? ^/V3>'KSr^i-5J;5 (01), 
[0009] Skt&^X^tiX? K s g ^#^#U^£b&V ^Vr"*^/^^^ 

crtM(^tK^^Ti/^>^— sa±E (ses, ah2)(^-/^^-^t: 0 cii;^iy 
crtB (dsv. al-2)(:7^b^v^~ifK crtN (^KP^TWV^rf-^- 
xuy—if) N crtP (odsl) (-7^h^^^y— & : 2o© Zim^#*P) , £ri£ (ads) 
( £ if : 2o© zim^#*DSJ^) , aiKRhodobacterM^m 

£3fc<Dt>o) (^hro^^^— if: 3o(D-mi^-^#*qS^^ck-transMtt^ 

J&) x al-1 if : 50(D^m^^#^P^i^^ds-timisMt^^^: 

J&) , cxtY. (crtL - j3 ) OJa'O' /3 -^7— if) , crtL- € £ s 

crtYm CU^^V j3 -^7^9— if ) x crtU ( j3 -*nfyfffa5- if) ^ crtZ ( 0 
o^tKnap-S^— If ; j3 -C3-tKo^^— ) > crtW (bkt) ( j3 -^tr^^h^—if 
; J3 -C4-^-=¥Vy^— If) % crtO (Svnechocvstis sp. PCC6803S^Ot>O) ( £ 
^^^ey^rb^—if) x crtX (if T^^^/V^/Wh^*:?:^-- if) . crtC(fcK 
n^ix/^d^/K^^S/^— if) . crtD (^^W^Tn^W^^^^— ^) . crtF( 
tKn^vV-YP^l^ r^^^i?-^) „ crtA e^rnP^V^E-y^dr^ 
y-f if) % crtEb (V J^^^P^—if ) , crtYe/Yf (^^W^V^i^^— 
if) , zepl (ifT^^^/K^v-y— if) . -K.t^ ccs UT^^/^y/Mf >- 

if)-C$>5(Lee, P.C. and Schmidt-Dannert, C, Metabolic engineering 
towards biotechnological production of carotenoids in microorganisms. Appl. 
Microbiol. Biotechnol. 60, 1-11, 2002; Teramoto, M., Takaichi, S., Inomata, Y., 
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Ikenaga, H. and Misawa, N. Structural and functional analysis of a lycopene j3 
-monocyclase gene isolated from a unique marine bacterium that produces myxol. 
FEBS Lett. 545, 120-126, 2003#J$) o &ffi£jJvTM\ f &*$kM*$<Dft4EVolz£. 

it^T-tts 0 ->MV Vg|-3-fcKn^>9— if ( j3 -C3-hydroxylase) (CrtZ) h 3 -^f^ 
r^-^Yy— if ( /3 -C4-ketolase; £ -C4-oxygenase) (CrtW) Sr=J— K^Sat^ 
^U5»#b*VCWj!V\, Z.tlbCDmmj&fc^fc, crtZ^1990^^ crtW^1995^^ 

t&nztt mmffivtztixx, ^ c & -^/^gt-2-tKn^>^— if s^t-^ 

yxh*^^ (nostoxanthin) ^<D, 0 -J*/l/m^tf%2i±(Dimkftikmk£ 

?i>mu< ^Sft tt. ^fli^^ttSISm^— -^^gJE^tD^a^/xf Kitted 
£<D*HIHtt (^nv?- jhomology) Srf IJfflLfc^n— =.^m^ v )^bfl^>^'r/ 

[ooio] ^^^7K^^o^^^ox/-rKf^n^^^ N Jttucicafcas^^h&tewifc 
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Yuan, J.M., Stram, D.O., Arakawa, K., Lee, H.P. and Yu M.C., Cancer Epidemiol. 
Biomarkers Prev. 12, 890-898, 2003&tJ ? Mannisto, S. et al, Cancer Epidemiol. 
Biomarkers Prev. 13, 40-48, 2004) 0 ^(D^t^mt £ -^^T^XitU^hflX^^ 
Jfev\, *7C, ^-^ri^(DZ(ZliiL<Dm^(D^m^7Km^2^mA^nt^tiTy 
-<Kr«TaM^>^-v(Bll#flft)-e*>5^, -fGiitti&UU;?^ -^T^^^O^ 

^•^^M^oTV^o — ^\ ^T^^V^2(2')^(DM^^^^7K^^$ 
(D£?l^ j3-^/^02(2')^0^^7R^m^^A^^nx/^K«, g 

^T«?l^K^7^CrtZ(Misawa, N., Nakagawa, M., Kobayashi, K., Yamano, S., 
Izawa, Y., Nakamura, K., and Harashima, K., 1. Bacteriol. 172, 6704-6712, 1990) £ 

, 49%wroin-'t4 (identity) ^mir^(o\^m^x\z.nhfix\ v&v ^mvt 

Ti/ ( Paracoccus zeaxanthinifaciens : IB^te Flavobacterium sp. R1534) &5fc<£> 
CrtZ(Pasamontes, L., Hug, D., Tessier, M., Hohmann, H. P., Schierle, J., and van 
Loon, A. P., Gene 185, 35-41, 1997) X&O, 50%tf>IH— V£Xhotc 0 
[0011] ##fF3CiiJU :Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., 

Saito, T., Ohtani, T., and Miki, W., Structure and functional analysis of a marine 
bacterial carotenoid biosynthesis gene cluster and astaxanthin biosynthetic pathway 
proposed at the gene level. J. Bacteriol., 177, 6575-6584, 1995) 
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^#fF^Ci)^2:Yokoyama, A., Miki, W., Izumida, H., and Shizuri, Y., New 
trihydroxy-keto-carotenoids isolated from an astaxanthin-producing marine 
bacterium. Biosci. Biotech. Bioche., 60, 200-203, 1996) 

[ooi2] *mn<DWkmfe. ^-^/^n^^ym.it-r^mmi^— (*;^m-2-tvti3r 
[0013] &mw<DWkMfettz, ®tw<Dh<ntfemmm*ttV~ ) tfM&v\ i3 -- r^jv^gt 

[0014] J&tm^bn, mWMMy^^T^^-i-^M (Brevundimonas sp.) SD-212$c ( 

MBIC 03018)^, 2-tKo^i/T^^i^^^2-tKndrVTK-=ar^V^^#(D > 

[0015] ^V/^^V^-^JRSD-212«(D^-fe^:DNA^fflV vC, ^fli^^tS^ 

^^K^-r^^y-^^bfCo #n^/^K£K£i-5^VH^~T (Ervrinja)M£ffl0[ 
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OVV^— T • VUFtfy ( Erwinia uredovora) *H <£>|fe&#:DNA£ffl V % 7Cj§§0 
WK^7 A 5f50crtE> crtB, crtl, crtY, crtZjlfc^ (HI 1#R&) A^TifT^lf- 

[0016] ^h^^^^y—^(^M^^^M^m±mnmx2^>(D^: 

, 1.1 kbODNA^t^if ^(DgB^IJOMSa^J^^Ufcir^.crtl^^ 
&mm"?1bZ>Z.b&t>i>*<z>1t 0 Z<Dsi&W&&&mK&'7v~7 f bLX. SD-212#<<D 
^^K^^y— &rffl V ^3P=-/vf7*y^>f^-^y (colony hybridization) & 

fH§4U iMf^>^^y^if—>3^ (Southern hybridization) feS^TV \ ffir14<D12 
kb<PEcoRI(PDNABffK'£r#fco ^012 kb(DEcoRI»f^(D^^@S^IJ^^Lfc^r^>, 
r (D^r>t ft f-7J P^y^K^^it^^ [gE^crtit^^- (6{H) X 
HMjMB^f-ill) j&S*>50RF(;*— y^y— f^f^7V- A, open 

reading frame) ^7o] dS#^E-T5ri:^K^d^?fcofCo -tfH2 kbOEcoRIilf>Hr 
rttCtt, *^tI(DORF^50#^UTV^c 0 r.nbl2lB<Z>ORFi"'<rSr, 7Cfl§0-^* 
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m^h^tcwt^^^m^t mm<vmm&mirz>*ti^M\?£.&)$ l (en) m 

fcTX-hZZ.ttffrfrotlo L,frlsf£tfbm<^Z.t^ Z.fhh<Dj3V ; TMV$L'&$L 

/l^^/i^uy (GGPP) v'V*— if ^—V-r^M.^X^^b^mUto 
^eUT^bl-x ?|5^n(DORF<D9*>(^lo (ORF11) & ]3 -^y^^-fcKndrv^— if 

So 

[0017] ^0J«^±coj;5^^^^^$ti,fct ) o-efc5o 
[0018] gpib, «§Kte, WT© (1) — (17) £«^1-5t>tf>-efc5o 
[0019] (1) UT<D (a) , (b) , (c) N Xti (d) ^l^v^K: 

(b) ia^ij#-^4iE^c> r^y ^ga^ij (cjs v vr ihv< nm?$km <DT5.;m&ttl)\\ , ^ 

j3-r^-y^^-2-l:Kn^^-if^tt^i-S^^Ko 
[0020] (2) ^TO (a) , (b) , (c) , XU (d) f^^^K^-KI-Sit^ : 
(a) IE^J#-^4lE«OT^y^IE?iJ^^^S^^K, 
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(c)ga^j#-^4fE^T^y^is^j^5o%^±(oiwi— vkzm-rzT^mMm^bti: 

[0021] (3) (2) tClB^jte^^AU^^ttSW^-efcoT, j3 -^JV^gt<£>2{£<D 
[0022] (4) (2) KfE^fc^fc, m<D^n^y>fK^^jt^^i:^(^Ab-C#btL5 
[0023] (5)^(Z)^nxy-rK^^it^^-^, 77^^t°n^il^b J3 -^7>««r^r 

wmt-rz (4) KfE*com£^o 

[0024] (6)$&£WSAfl§0^fc5^£#1Ste1-5 (3) (5) ^IBifeom^o 

[0025] (7) (3) 7b^ (6) fcflB*W>|*£**, ^J&T^#bTJ#^Xte0fl^ib 0 --YtfV 
^(D2{4<D^^^ 7 K^b$tL^n^y^K^#6rt^#m^«.^^b$nfc: 

[0026] (8) /3 — f^-/^<Z)2{4(D^^^ 7 K^b$tv^a^/^K/5^ /3 , 0 -#07^-2-;*- 
— (2-tKn^f *s- 0 -^n^V) , 0 , 0 -#ci^-2,2 ' -S**-— /V (2,2 ' -v?tKP^ 
-j8-^nx>), ^n^^^(2-tKn^ifT^>-^), /*HHJ->^(2,2' 
-i/fcKn^v'-^T^^^^) . 2-fcKn^r^- 0 , 0 -^7a^>'-4 > 4 , -v ? ^-^(2-tKndr 
^^^^V), 2,2'-^tKn^i/-j3 , j3-^7^^-4 I 4 , -> ? ^->(2,2'-> ? tKn 
^Xlsp^-y-l/^) , 2-tKd^^T^^^>-, 2,3,2' ,3'-^b7tKndf-iy- 0 
, 0 -^n^ V-4,4 ' -V*^ (2,2 ' -^fcKndrv'T^^^^^^) b*W&b1r 
5 (7) ^|Sa<D7K^b$tL^nxy^K(DMitfe 0 

[0027] (9) TIB^t^HI^ (I) ^£n5$T$/rb-S*,2 ' ->Wn3r>'- 0 , 0 -#0^ 
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-4,4' -i?3r> (2,2 ' -^tKn^i/*y^^rfyfy) o 
[0028] Wbl] 




o 



(I) 

[0029] (10)2,2'-^tKo^- $ , j8 -^0^^-4,4'-^^ (2,2' -S^Kn^io&l'^M^ 
^^)Xf*2-tKi3^^- 3 , £ -^n^V-4,4'-v > ^-V(2-tKndr^^^>'^>') 

[0030] (11) «T©(e), (fh Xtt(g) JC^f-^W^a— Kf Satft^: 

(e) ga^J#^-30|E^T5/^IB^Jd^ fcS^TW, 

(f ) ga^J#=^-30WB^^T5:y^iB^J ^*5V 1*>L< ttIti©T5/t^#*. 

[0031] (12) (1 1) ^|5m^>a^^^AbT#^»^T*fco-C, 3 -^^^^3^ 

[0032] (13) (11) {-fEU^itte^Sr. #,<D#n^/^K£l^&»fc^£t>^ALT#b 

[0033] (14) mcDZu^My^mMte^K 7Tfr*i/;VM°vyi/Wtfrh 0 -^r^m: 

(13) ^IS^^C^o 
[0034] (15)m^^^T^r^#mii-?>(12)^M(14) ^|B«O^^I 0 
[0035] (16) (12)7!?^(15)ra^^^^ ^i£T^#LTig^Xte«#^ 0 
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[oo36] (i7)j^r<^(h) , a) . xfed) Km-r^T-b^—F-rzmfc*: 

[0037] J^T>^PJ^i¥*ffl^P^i-^o 

[0038] i. mfc*M<Dmmmmy f ^> ; f^-i-xmsD-2i2 »(mbic 03018) 

Brevundimonas so.)SD-212 fefc (SD212 :MBIC 03018) it, iklUm^myK^XW 
M£ntca-ZfV7 L */<?7 L })TX~&Z> 0 GC^*{*67.1(mol)%-efc^) 0 #*$#$B^ 
i¥Z>%V7 L MVfe. (2-hydroxyastaxanthin) ^2-fcKn 

driXTK^f-^^ (2-hydroxyadonixanthin) ^<£>2{& (2 ' (4) \Z.i\^m^MX^fl 

nX\^m%ff?$M.2^m) 0 ft*^ MBIC 03018^bT(^)^#^W^- 

Jl^^SE^J^^en^ftV, T^ir-/v-3^#-^-AB016849. AB014993£bT 
GenBank/DDBJ^^tbTV ^ 0 
[0039] 2. j®#JWH^WO^*-f*^HSD-212 tfc^tf 3#^^K^j£S&&<£>f£ 

^^^W^V^^^M (Brevundimonas sp.)SD-212 «c(MBIC 03018) # 

*f$tl/TV^(^#fF^2#M) 0 ^tbfef*. 2,3,2',3'-y i h7tK^v'-i3 , /3-*n 
^V-4,4'-v?^ (2,3,2* ,3'-tetrahydroxy- j3 , 0 -carotene-4,4'-dione) % 2,3,2' ,3'- 
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-rh^fcKn^f-v'- j3 , £ -^Df>'-4-ty(2,3,2' ,3'-tetrahydroxy- 0 , J3 
-caroten-4-one), 2-tK^^rv'T^^ , = 3 f-^V^ L ^(2-hydroxyastaxanthin;2,3, 3' 
-trihydroxy- 0 , j3 -carotene-4,4'-dione) % ^^^( 
2-hydroxyadonixanthin;2 > 3, 3 ' -trihydroxy- 0 , j3 -caroten-4-one) x cx^o^M^ 
^^(erythroxanthin; 3,2' ,3' -trihydroxy- # , j3 -caroten-4-one) "CrfeS (02#j$)„ 
&fc, SD-212 flclJltt, Mg&fl^UT. T*#*^3-l>' J $TY~*y-^^{A-!rY-T£ 

i-^WxWimm ( 0 -^/^-2-fcKn^i/^— if ;CrtV£iB«0 (Dfffe&MfeirZ> 

[0040] 3. is —r^-y^-2-tK^^^— K'rsate^ OiUS^) 

fcte, WTO (a) , (b) % (c) s (d) l^t^fTOW. 
[0041] (a) IE^J#-^4lBmc»T5:ym@E^Jd^^5-^^H\ 

(c)ga^j#^4iB«oT5/^ia^ij^5o%w±oiii-ti?rW-r^T5y^ia^j^^^ 

j3-^7>-m-2-fcKn^^-if^^#i-6-<^Ko 
[0042] W tU2 , WT© (a) , (b) , (c) , Xte (d) ^^:/^K&=»-K«ai 

[0043] (a)ga^lJ#-^4fB^(DT^y^gH^J^^^-<7 P ^H\ 

(b)IE^J#^4lE^T5^IE^J^V>Tlt>U<^^OT^y^#*P,^:^ 
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[0044] (a) (D^^Vfe. ^Vx^^^e^^SSD-212^/5^#bttfc j3 

<Jb<5o 

[0045] (b)<D^:/^m, (a)O^^K(-, 0 --r^-y^-2-fcKd^r^— if 

, ^tim^fo^.gMZ&W; (Nucleic Acids Res. 10, 6487-6500, 1982) fc£ Sr^tf 5^ 

[0046] (cJO^^-K^. (a) (D^^t^MW^^^X50%U±(D W\— t£ (identity 

Kp3->7— if^t££^LTv^^7 p ^K-e&5 0 r50%^±c^|ig^4j<D©»w 

-T'^V-K^9<?5 ]3 — {^T/l/^-Z-MYxi^sy— if (CrtZ) £r^— K1-5itteW#] 

<Dmmmm^m—xh^t^mm^x^ ^crtz^-e, mh^crtzt^^ 

— ^{SV ^<£>}3\ X . ^T^-^y^-^-^r^^y^ (Paracoccus 

zeaxanthinifaciens : IB^ to Flavobacterium sp. R1534) &5fc<DCrtZ£tf>50%<D|*)— 1£ 

if 161{® (DT^y^BB^Jd^^^^^K (CrtZ 

DDBJ^GenBank^COy*— ^^^UTt, 50%^_h<E>H3— ti^i"^ 
^Ote&C St>r^V^C0t?t>. Ji/Pr^^-T • /n— fcf =1=7 fErwinia herbicola : 



WO 2005/049643 



16 



PCT/JP2004/016297 



,<l/Y^T ' TJfntyl/K (Pantoea agglomerans) WV$.fbX\ ^5] ft ^(DCrtZ ( 
JJBJ/GenBank accession no. M87280) b<D46%<Dm—i%.X&K> , L;0*i>M#tf>g#^<£> 

i/y— (CrtV) t j3 — fsiV^-S-fcRndrv^— if (CrtZ) teSV £«£tfcl£ICtf> 
Bmx»3bZ>b\< ^t^K.^^t, (a) <D^^R£50%J^±O|ig-t£&^i-5 

Erthrobacter) JjM^PC6#lc (MBIC 02351)3(^^7 J>M^*ftoZ.h\Z.£OfL^>frZ>X 

fos?o zbKte, ^(Dx^^x^^w^b^^t^mmm^r^ymmm^w^. 

[0047] (d)0-</fKI4, DNAm±<D^47^^—^B^&mmir%^t{Z.£VmbtLZ> 

mn, rixssc, o.i%sds, zix:mm.xm, 0*L<tero.5xssc. o.i%sds 
, 42 t Cj@^-efe«9, M(-0*b<{*ro.2xssc % o.i%sds, esx;m%.x3bZ> 0 

[0048] *mw<Dmm*fe, mz.t£. &T<D£5Kur:mz>z.t&-v%z 0 mmmmy 

[0049] ^m^iHSi^fcS 0 -^/>-m-2-tKcidr>'7— fef (crtV) it^Sr^ 

tf^ W^>-xV^^JSSD-212^<D^a^y-rK^^it^^^tf 12 kb EcoRI 
DNA»f>i-*S^:J»M^^— pBluescript II KS-fcJf A^ttfc7 P 7^^Kp5Bre2-15Sr 
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[0050] 4. -gSra— ^SaMS^ (Ditte^) 

^warn^ra* WT(^ (e) % (f) . xn (g) ij^-^ws^— Ki- sate^^-^* 

[005 1] (e) BB^J#^30fB^C>T5/^Bl^Jd^ft5^^b\ 

[0052] (e) O^^Ktt, ^W^V^^-7"^jaSD-212t**^#bttfc j3 -^W^-3-fcK 

So 

[0053] (f)©^^Ktt, (e)£^WKfc:, ^fiH4**fc> 

[0054] (g)<D^^Kf*, DNAl^±<D/>^y^if— ^ 3 V^Jffli-^^^(Cj:«9#fe^ 
[0055] 5. y^^/vy/v^/ufnyv^^— i?&=*— K1-53ft^(>fc3S^<£>^H<£>jtfc 

[0056] (h) mm&^32mm<DT$yW2&mfrbtez>'<^h\ 

(0 ffi^j#^-32is^r^^ga^j^*3v ^xih\^<&Wim.m(DT$;msttM. x 
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[0058] (i) O^^Ki*. (h) <£>^^K(-> ^7-/v^=/vt°uy >«gttSr3fefc>**V ^ 
[0059] G)<z>^^Ktt, DNAN±<D/N-Y^y^if— ^3^^fiJffli~6ri:^J:i9#fe)^^a 

[0060] 6. fi^y^m^mrm^mmz'm^mm^mm^mA^^^ 

[0061] (Cf**fc, 4^|Sm<^ 0 -^y^m-3-tKcidr^7— ^it^T-^AUT# 

[0062] mdfcWas, #3£i^«^fcft^<, m^^n^y-rK^-a-^jtew^Ai- 
^?IIAi-;ixk?J;v\ 

[0063] m^ktt'®L$im\-£, AMBSr^-etW. ZLthUft<DW£.Vo-elb<>X-b £v \ 
[0064] m^#^/^K£^)at^te\ ^r/^V/Vfny v& (FPP) fab jS -4*/^ 
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%&!&1rZ>mWlMte^'criE^ 2^^-^>GGPPd^7^^>-(phytoene) Sr^-T^it 
#u^rV( 0 -carotene) £^/&1-5«fc^crtY(ii^ ^/V^^TMIffl^S^^ 

[0065] zfrb<om.&*m<oir^xxfc-Mtti£t£mm^?*—izmAu &m.$-&it 
rfz>£?W£Z> mm<&FPPfei-^x(Dm^ftfcz>^btfx%% 0 ggpp^^^^ 

[0066] o^c^<7)^^— <Dm m&jM®k&=f-<oiz$*> • 

fit* ^<<Dm^^\^M^flX\^(DX{fltxJtt, Sambrook, J., Russel.D. W., 
Molecular Cloning A Laboratory Manual, 3 rd Edition, CSHL Press, 2001) ^ ^tlbfc 

[oo67] 7. 2m2 , m^tcmmrm^mm^mA^ntc^uTMh 9 <Dmitm 

[0068] j3 -- r^-y^m<^2^:(D^^^*^b$^fc^n^y^Ki:LT^, j3 , 0 -;*m7^-2- 
^-/V(2-tKn^V-/3-#^XK J3 ,0 -#137^-2,2 '-v?*— /V(2,2'-^tKn^ 
v-- 3 -#n^>0 „ #n=3rir^^ T^Hr^^) , /^Mrf^- > ( 

2,2'-v ? fcKndr^ifT^^>') , 2-fcKn^r^- 0 , j3 -*nf>'-4,4'-^t>'(2-tK 



WO 2005/049643 20 PCT/JP2004/016297 

ndr^^^ff-^^) x 2,2'-> ? tKn=3rv'- 0 , 0 -^d^-4,4'-v ? ^(2 ) 2'-v ? t: 
Kn^^^df-i^-V^) % 2-tKn^ri/T^^^>-, 2,3,2',3'-^h7tKP d r^ 
-0 , £ -^n^^-4,4'-i^^(2,2'-^tKi3^T^^>'^>')^^^y^^^ 
^ ^tt^)^PSS$tl,6^^-e^V\ _h|SO^-e % 2-tKndri/- 3 , 0 -#n^V-4,4 
* -v^V (2-tKndf-^^^V^) RXfi2,2' -^tKn^v-- 0 , 0 -#n^-4,4' 
-^>-(2 > 2 , -^tKn^>'^^=¥i^^>') te, flgfCoi^^Hb^LT 

[0069] jS— (*y>m<D3&(Df?<mft7kmk£ftttv^MFb^Xfe, p-w^b^y-^ 
f-^ ifT^^^. ^a^r^^^(2-tKc2^^-€T^r^^V) . y^b^i?"^ 
^(2,2'-i^tKndrv'ifT^^V), 2-fcKn^T^=¥^^^. 2,3,2' ,3'-^}> 
^fcKn^r v-- j3 , 0 n^-4,4 ' -v 5 ^"^ (2,2 ' -v^Ka^T;*^^^ V) ftif £ 

[0070] 8. £t^fb30 

[0071] *»W©ttSMb3WW:; *^J^^i:^SttilE2®<D^a^/^K^¥^7K-e^i-5 

<Djjv<rM\?<D^mz. mm^birzm&fcfcvx&mfcmfe-rzz-b&x^z 

0.05-5% t-T^(D/5W*bV\ 
[0072] *&m<DfomtMte. *(0&£&^4fflM1tt\Z&)±\Zit&* itUffa. Rtfi 

mm&iz&if%ttm4kmftbL,xiimx&z> 0 i&&2n<o*vTMV(DttmkWb 
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tt-tiV^nO. lg/^p R pk g> 0.05g/'^ttp B pkgmS-efeSo 
[0073] «§^<D4»ft;#Jte. ^ffif B »C^^ffli-SI&^-et+^S6mSr#5>*v5 

[oo74] *wmm<Dmmm<vwm&%-te. ummmzmi-o 

: EcoRI- CdCos5-2^i^^D9 ffl£*lfcl2 kbOfff Jf <£>BaffJo 
IB^lJ#-^3 : ±I SEcoRl Bf Jt tC^ixSORFl 1 ( 0 -^/^gt-^-fcKn^S^— if 

E?!l##4 : ORF1 1 — K-T 6T^y ^IS^lJo 
IB?lJ#-^5 : ORFl^lttBfflO^^— (7*7— K) 
gfi?IJ#-*§-6 : ORFl<Di#i|iIffl (!7>*— 7) 

: crtW (£>ifeliraffl (PT^W-?— (7*17— K) 

: crtWlDiliifflO^V" (y^— 7) 

br^i^-pho: crty^mmmtp^^— (y^— 7) 

1B^J#-^11 :c£tlC0Jt*lfflO77-r-^— (7*7— K) 
IE^J#^12:<^<7}i#t|>gffl077-rv— (U^— 7) 
IB^IJ#-^13 :a4E<0*i#Sffl07'9^— (7*7— K) 
IB?IJ#-^14 : crtB<Difi|>g/B (D^v- (y^— 7) 
Ba^J##15 : ORF6<OJ#*Sffi©^>T^— (7*7— K) 
ia^lJ#^-16 : ORF6<Dif ^(^^M^— (JJ/<— 7) 
E^0#-^17: ORF7©*i(gffl«>7 P 9>r^'— (7*7— K) 

: ORFKDmUm (y^— 7) 

IE^J#-^19 :crtE(DJitgffl<D77^^— (7*7— K) 
8E^J#^20 : crtEOif ©75^— (y^— 7) 
IB^lJ#-^21 :idi^>*t*Bffl<^7 P 9'f^— (7*7— K) 
BB^lJ#-^22 :idi^>li'l , Iffl<^7 0 7-r^— (y^^-7) 
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: crtZ<DitillBffi (DZf=7^— X) 
SS^J#-^25 : ORF1 l<Di#i|>gffi<ZX7^M'-^— (7^-17— K) 
IB?lJ#-^26 : ORF1 1 tf>if *gffl O^-f 
ga^J#-^27:0RF12<D±ii|iSfflO7 P ^-^— (^!7— K) 
SB^IJ#-^28 : ORF12<D±ii|igffl<7>:/5M'-v— (U^— 

SB^iJ#-^29 : KfR EcoRl BSrJt iC^thZcxtZ ( 0 ^-3-fcRn^v^—i?» 
: crtZ^^— 5:/^IB^Jo 

[0075] j3 -^y^m^2(2')^^^^^7K^^^A$tvfc^n^y-rK{*. S 

o 

[0076] mimft<»**^MY^tfmfc^ mm) (ommt^mm.^m-rm 0 

[03]^®f K-^p— ^^UTffl V Nfci^if -"^a^ (EcoRttPHk) 

fM • ^-^X^—h— ( Tl /Hind III- <b X174/HaeIII digest) , 5-1— 10-1 
^K^t3—^ N SCS:=»^K^^^-SuperCosU SD212:SD-212^-fei$DNA] 0 
mticrim)f&-7x3—y P bL-Xm\< ^c^fVW^y^if — '>3^ (MaHI&tfBam 
HI/EcoRItBte) (D^^:^i-|ll 0 [M : lMXV-#- ( 1 /Hind III- * X174/HaeIII 



WO 2005/049643 



23 



PCT/JP2004/016297 



digest), 5-2— 9-1: =i;*5K*n— >\ SD212:SD-212^^,^DNA, SCS:=«^K^^ 
— SuperCoslOBamHI/EcoRI^<b^3] 

[05]^ W^^t* >f *^JRSD-2 12«c<D* of^K^I^Sf ( 1 2kb-EcoRIi#T 

[g|6]pACCAR16 A crtX ( 0 -#n^£0ffl:/7^K) ^A^HSr^tl/C* Ijffl 
LfcHPLC-PDA^ff ^m^^i-0o a)pACCAR16 A crtXigA^liMO^^fe^O 
HPLC^n^H/^i»(470 nm) c b) pUCBre-011,S.t^pACCAR16 AcrtX^A^J^® 
<Dm£&&V>HPLC?why , ?M470 nm) 0 fr^fe^Ot 0 — ^fct&Pp-e^jJvC 
V^5 0 c) b)tJHfT^i^^^»bfcHPLC^n-x'h^^(470 nm) 0 
[|H7]pACCAR25 A crtX (ifT^^^jSfflT^^K) *f AAfl§0&a^b-C 
flJffiLfcHPLC-PDA^^fJ^I&tr^^iao a) pACCAR25 AcrtX2gAAJM<£>0£& 
^(7)HPLC^n-^hi/^(470 nm) 0 b) pUCBre-OH^.U ? pACCAR25 AcrtX^A^: 
M^0^^OHPLC^n^h^A(47O nm) 0 fr&ftfe^Ot: 0 — 
jh/O^o c) b)^^T^^^^nbfcHPLC^ci-7h^A(470 nm) 0 1, 2f*^r 

[®8]pAC-Cantha Cfr^^if^^jg/B^^K) ^AAJ»0^^^bTf Ijffl 
b/cHPLC-PDA^W^^^i-iao a) pAC-Cantha2gAA^O^^fe^<D 
HPLC^n-x'h^7A(470 nm) 0 b) pUCBre-Oll.S.t^pAC-Cantha^AAMC*^^ 
QmOHPLCfv-^h^yJ* (470 nm)„ ff^-fe^Ot°— ^fi^fPT?^$tb"CV^ 0 c) 
b)^T^=¥^^^Sr^PbfcHPLC^a-^b^A(470 nm)„ 3. 4^-^tt^. 2,2 
' -^fcKn^>- j8 , jS -^a^V-4,4'-^^, 2-fcKn^v'- 0 , j3 -#n:r^-4,4 

tcHPLC-PDAft$fjfe^&mirm o a) pAC-Asta^AA-JM^m^^OHPLC^n 
^b^A(470 nm) 0 b) P UCBre-Oll&rJVVC-Asta^AAJ3§0<£>jg££,i?i(D 
HPLC^n-^b^7-A(470 nm)mW<£&^<7>t°— M£5:%lX^£tlX\, ^Z> 0 2^2,3,2 ' 
.Z'-^hyWti^y- 0 , 0 -^u^V^-^M^tWto c) b^T^^rl^^Sr 
^*PLfcHPLC^o^b^^(470 nm), sm-^h^^T^^y^tm^fl 
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[0077] ur, mmm^£v*mm^\,^xMcfomznwirz> 0 -both, ^mmi^tiK 
[0078] mmmu mm^^^K £W3M$ 

Luria-BertanOSM^fcte. 2 X YTlgiS (Sambrook et al., 1989)£rfflVv-CfTo/Co <& 
g^CT. T^fixy^CampicillinjAp , 100 g/ml)^fc«, ^n7A7i-a-/V( 
chloramphenicol; Cm, 20 /z g/ml) SrigifelC^JDUfco 

U-^bUT*^^) 0^ffly^5KpAC-Asta«gAT<^<t5 tcUTf^JSU 

^^ay^JRMBIC 01143 ( Agrohacterium aurantiacum) S^OcrtW itfc^, 
gW^V^V^ • a— (Candida utilis) <£>GA£itfc^<£>=i KV^ffl f^Mr 
X±&)&Ut 0 K$tbST^/^BH^Jf*7C(DCrtWt|^C{J:b-C*>5 0 ^<D^fe« 
;£jifc(Miura et al., 1998) fc^*£;h,XV5o ^O^^^tv/ccrlWlB^J^M^UT, 
H1437 rAvalSBJft (Tift) . SDIE^J (H1437<D10-15# g OlS^J) Sr^tf] £H1438 [fcjflt 
(TH) Sr^tf] ^9>T^— WTPCR£rfTV\ #b*bfcPCRjg^£A^i£Moti 
-C^OW-LT, 0.76 kb Aval- crtW -NotlBrfrfr&fc. 

H1437 : 5-GT CCCGAGA AGGAGGCTAGATATGTCCGCTCACGCTTTGC-3' 
H 1438 : 5'-CG GCGGCCGC CCGGGACTAAGCGGTGTCACCCTTGGTTCT-3 ' 

^^KpCARlGdvIisawaetal., 1990) %&%L\Z.LX S H1431 [£MI§P<4(T^) > 
SD|E^J(H1431<7)16-21# g OlE?lJ) £^tf]aU432[SalIgW£(T$l) Sr^tP]^-Y 
-e— SrJBwrPCR&fTV\ #^tlfcPCRS^^NotI^SalI^B'fUT, 1.1 kb Notl- 
crtE-Salliff>H-^#^ 0 
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H1431 : 5 ' - AT G C GG C C GC TT AT AAGG AC AG C C CG AATG-3 ' 
H1432 : 5'-C AGTCGACA TCCTTAACTGACGGCAGCGAG-3' 

±|BCO0.76 kb Aval- crtW-Not lBr Jt 1 1 . 1 kb £MI-crlE-MIifJt^IMI^^^^^ 
TteftU PACCAR16 A crtX^AvaI/SalI^^bT#btLfe, crtY, crtl, fid£Sr^i"S 

IhI#^±IB<D0.76 kb Aval-crtW-NotI Br ^1.1 kb ^I-crtE-"^^^ 
NotiaU£^bT*fte££U pACCAR25 A crtX^AvaI/Salim^bT#fetl,/c. crtY, 
crtl, crtB, ^^ir^±m)itm^ir^t{^, ^^KpAC-AstaS^fco 
[0079] DM 



14 »* 



mm 

Brevundimonas sp. MBIC03018 
Escherichia coli XLI-Blue MR 
E. coli DH5 a 

pACCAR16AcrtX 
pACCAR25AcrtX 
pAC-Cantha 
pAC-Asta 
SuperCos 1 
pBluescript II KS- 
pGEM-T Easy 
pUCIB 
pCos5-2 

pCRTI-SD212 
P 5Bro2-15 
pUCBre-Of 1 



UXSK'^*— . SuperCosI ?t± 



Cm r , crtE , crtB, crtl. crtY i^^t;^7X5K 
Cm', crtE. crtB . crtl, crtY, crtZ ^^fc^^SK 
Cm r , crtE , crtB . crtl . crtY , crtW ^tT^ASK 
Cm'. crtE , crtB . crtl . crtY . crtZ , crtW ££fc^X5K 

Ap', axSK*?*- 

Ap r . ^D— ->y^<^^— 
Ap r . <7D— ->^K>7^— 
Ap\ ^a-z>^K^^- 

Ap r . Brevundimonas sp. MBIC03018 &<D 47 kb <D DNA 
Brtt(Sau3AI ^^Wl^SttSfttctCBW SuperCos 1 0> 
Bam HI flittlztf A^ftfcttfl 

Ap r , Brevundimonas sp. MBIC0301 8 crtl ti< PCR 

l^S$tt pGEM-T Easy Izffi A£tltz±,(b 

Ap r , P Cos5~2 g 3fe(D 12 kb CD EcoRl Br^tf pBluescript II 
KS-fcif AZHtztO) 

Ap r , P 5Bre2-15 &3feCD 2-*&fl:SI**jft<E : F-A < PCR VmtS 
3*U PUC18 IZjf AZtlttO) 



Yokoyama et al. 1996 

Stratagene 

TOYOBO 



Misawa et al. 1995 
Misawa et al, 1995 

Stratagene 
TOYOBO 
Promega 
TOYOBO 



* Ap r , ampicillin Ittt, Cm r , chloramphenicol Sttt 

Miura, Y., Kondo, K., Saito, T., Shimada, H., Fraser, P. D., Misawa, Production of 
the carotenoids lycopene, # -carotene, and astaxanthin in the food yeast Candida 
utilis . N., Appl. Environ. Microbiol., 64, 1226-1229, 1998 

Misawa, N., Nakagawa, M., Kobayashi, K., Yamano, S., Izawa, Y. Nakamura, K., 
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and Harashima, K., Elucidation of the Erwinia uredovora carotenoid biosynthetic 
pathway by the functional analysis of gene products expressed in Escherichia coli . J. 
Bacterid., 172, 6704-6712, 1990 

Sambrook, J., Fritsch, E. F., and Maniatis T. 1989. Molecular cloning: a laboratory 
manual. 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 
Yokoyama, A., Miki, W., Izumida, H., Shizuri, Y. 1996. New Trihydroxy-keto- 
carotenoids isolated from an astaxanthin-producing marine bacterium. Biosci. 
Biotechnol. Biochem. 60, 200-203, 1996 (##l*F:SCilfc2) 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W., Structure and functional analysis of a marine bacterial carotenoid 
biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the 
gene level. J. Bacteriol. 177, 6575-6585, 1995 (##fF;£iifcl) 

^K©i», ummmmm. ^f-^^mc^ w&uw&><r>ffiti<nmte 

^WfeWkXZ. itt|3£<Z>SambrookMl989)tf>Molecular Cloning (fttfZTl^lSCifc) \ZJf^ 

^/W^^rV^-^B (Brevundimonas sp.)SD-212 #;(SD212;MBIC 03018)^300 
mKDMarine Broth (MB)i#i£(Difco)T*25TC, 3 0 P^i#*bfc 0 STEiHI 
®f£(100 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, pH 8.0)-?HHl}$fc*£U 68<C-C 
l^t^^m&Um., 5 mg/ml WS?—J» (Sigma) £100 n g/mKDRNase A 
(Sigma)£^tH?t$ (50 mM 25 mM Tris-HCl, 10 mM EDTA, pH 8.0)111® 

ffilstCo 37TC-C— f&m^^^—hVtc^ 250 n g/mH£&£,fc5^Protenase K 
(Sigma)^Px., 37 < C-C10^Pfl^fV^^— hbfCo ZbKfk1&9i&frV*> \Ci&>2fiK. 
N-Lauroylsarcosin-Na£»U WJ^fu^iD^^ ^-^^{-^^^37*^-^3 

(D=r.^y-/V^o<K)tm\^^h, WtUbT#fc^ft:DNA^^#T^#o 
tf\ 70% ;V^)l^^UtM. 2 mlOTEi^W^dO mM Tris-HCl, 1 mM EDTA, 
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pH 8.0) icmML-X, tte&WDHAffi&bUt. 

^tju : rM^M^M'Bf^(7)y-(h^>T^^ : 7— "tf (phytoene desaturase 
V'fl&fcSfcS*!!*) itfcT-(crtI)<Dti l^tt^ljffl b-C#^n7tcrtI-Fo^°^^— (5 ' -TTY 
GAY GCI GGI CCI ACI GT -3' ), crtl-Re^-f-v— (5'-CCI GGR TGI GTI CCI 

gci cc-3')£i^5cu mmisttmizxmbtit^ yu^^^-i-^msD-212 

teLa-Taq (TaKaRa)£fflV \ 96 < C-C5^^^^tt#> 98X:X20fp, SSrT^OlK 72 

'c-ei^cD^-ess^-r^/KDJfiiig^tTofco if mmm^. 1% T#n— *y/vm^c 

^cfij-emf^ 1-1 kbtf>;g&(DDNA3rT#n— ;*y/va>£>#)9fctiU ¥f®KQiagene 
Gel Extraction kit, QIAGENE, t)L<{*Gene Clean II Kit % BIO101) £rfTofc 0 
tt7tDNAir>t{*, pGEM-T Easy^ig^U *fl§^ (DH5 a ) Sr^«te^b7t 0 
7^5K ; lT)CRTI-SD212i:^<5(t> T^^v-y^^r^Bb^ mlOLB^ffcigife-eS?^ 
, -mmm&. ^^h^^mVtCo mmZtltc^^m Big Dye Terminator 
Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)£model 3700 DNA 
sequencer (Perkin-Elmer)£ffl V ^I^^nh^- MZfeoXUmmm (gP^SB^J) 
(Dfefe&ff^tlo ^^£fr;fcDNAlE^J(gfi^J#-5§-l) fctBlast (Altschul and Lipman, 
1990)£rffl V ^^-ov 5 - ^^SrfTV v^K^^iJ-^i^— £ (phytoene desaturase) 

mfc^-i&iDbttvi?— &w^DNAmftx&z>^t$:mm\-'tio *fc, pcr#, mm 

ZtitcDNAmftv— m-zmfam. 8t^1-=m~— s^ct*])?^— s^av, IMJV 

^^^y^if— v-3^(D^u— ^irbTffiV^c 

Altschul, S. F. and Lipman, D. J., Protein database search for multiple alignments. 
Proc. Natl. Acad. Sci. USA 87, 5509-5513, 1990. 

yu^^^y.msD-2i2m(Dm^DNA(Dmm^hyT-^n^n^b 



r^£T*0^#feteStratagene*±C£>SuperCos 1 Cosmid Vector Kit<£>#t&ffcBJ» 
KfeoXn^tCo i-^t?^^ , V^^Vx^ ; e-7"^MSD-212^*^#btb7t^fe^DNA 
^SauZAlX^^mi^n^^^V^^--- OBamHlgMil-ii^U LAMBDA INN 
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(Nippon Gene)^fflV>T7T-v ? ^ J f-^- ? ^— v^bfc 0 -tUT, *:J3§0( 
Escherichia colO XLl-Blue MRtt. JUJ*. 7 P 7^KpACCAR25 A crtX^^- ifT^r 
^^VSrft^JMXLl-Blue MRftc^ ^©77"^»^, in£^JCAp» 
t£ N 3UMp % Cmj»14©na^?r, Ap, ^Ap, CmSr^tfLB^— b±K&* „ ft) 

- ©a^K^- SuperCos 1 (Stratagene) {37.9 kb0>"W— ~C30~ 45 kbO 
DNAWfJtS:!* A-T5-^^"C#So cos^^ofc5tf)-e\ /V^— S?>^© 

Hlfe^j5-ef^i4bfc^^KpACCAR25 A crtXSr^ if T^^V^ff^AEi 
^^l&^fcb-Cf^jKUfea^K^^y— 700=ia=— SrfflV^-C, #*2 mlT oig^ 
U T-fe^-e^n^y^K^^rttmUfc^, HPLC-PDA (7t^t-KTWt 
ttl«)^«f^J:«5, ^Jia^y^K^ff^fTo/co ^!S^Jll^£*vrvv5 0 =» 

if iHS^- (crtl) ©SR^Wf-frSr^— ^L-C> ao=wv{^!JW-e/HV (colony 
hybridization) &c£?TV\ crtlSei L ^tf^t 3 ~^^^^y--^^^tTofc 0 > 

48am-— f 0*tx.#lt^ 0 — Bfei^^L i£#82 mmOHybond-N+^^V^( 
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Amersham Pharmacia) Sr^V—M^iir, &t*£rT*g fii&ofttCo *lfl'>'&1Z& 
U M^m^Vitm^±^n. 10% SDS^^A/fc3 mm^^KWhattman) "C5 
^IRK^a-*— $P>t5iaSiftSSSR(1.5 M NaCl, 0.5 M NaOH) 3r^A/fc3 nun6 
Hft-CS^K^V^a^— h&ffV\ ^(D&^yuis&tpfaWil.S M NaCl, 0.5M Tris 
•HC1) ^55>raoltfc(2lU)„ $bfC2XSSCt?2HI?fe#bfCo ^if, *»Ii&©fl!Ut«r 

tfvW *MV^±X~20ftMmmk. 80 o C-C2&fm^<—*^ (baking) SrfTV\ ^ 
^W^DNA^iaSbfCo ^/t* — T/DNAtt, Alkphos Direct Labeling and Detection 
System (Amersham Pharmacia)3rfflV\ ^#(D7 s Ph3-;KC^otML, =3a~— 

9—^ jBUS^ (crtl) ©SP^Wf^Sr^ci— ^DNA^bTffl V xfcn — /MVW-fi? 

feTZ>Zf7X$F&, pCos5-l, pCos5-2, pCos7-l, pCos8-l N pCos9-l, pCosl0-l£ 

^JS0!|7-ejl&£*Wt> 6oOTK^^n-y^, Ap^^APbfc2 mlOLBf&fldg 

rn-^zrc. — mmmL-tc^ ^^kdna^w^c 0 wmfi^^^KDNAji, 

o-/>iU, s<9$— (DSuperCos 1 N :/W^>-^^;*J|SD-212<D|fe&ft:DNA£r 
Mupid (a;ve>>Vf;*-) £fflV Nl%T^fin— ^/W&fflV ^50 VCift70$Ht£i$lc»l&fT 

^n^^l/^Hybond N+) #yfi&, ;*V?W&:80 c C-e2R# 

ffi, ^<—^r^ (baking) SrtTV\ ^i^l^fcDNA&HJtUfco *r£>&x Alkphos 
Direct Labeling and Detection System (Amersham Pharmacia) $r^jV\ ^#©7 P ob3 
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TS-sJ-J-fVv— ^©5^)pCos5-2, pCos7-U pCos9-l(D3o(D^n— Xd*3V>T, 12 
kb(OEcoRIir>t (CTKv^^^i/^/^^^febnfc (1EI3) o 3>-hn-/KDSD-212^ 

^5:Fi:SuperCos U ^l//^^y i V^-^^mSD-212^(D^# 1 #:DNA^BamHI , bL<{* 
BainHI-EcoRIT'^^b, IH#0^^ofc(ll|4) 0 ^(D^BamHH^^?^^^ 
ofctCOTii, 9 kb^DNA^^^^^v-^/^^^^^tl, B^m.Hi-F£o,Rn-£ 
Zffi4k&ftotch<DXfe, 8.2 kb<D7K^^^V^/V^^*btv/c 0 ^W^^^^E- 

m&fflSXmik£tltc3^(DWife?v— ^(pCos5-2. P Cos7-l, P Cos9-l)<D5*> 
P Cos5-2£rfflV\ 12 kbO^AWJt^rEcfiRI-e^^tHUs ^^K^^—pBluescript 
II KS-OEj^RIgMft^iS^U 3:mM(E. ££lDDH5 attSr^fe^bfCo ^0^7^ 
5K3rp5Bre2-15££-3W;:„ r<Z>*J3§®£r, Ap^^Pbfc2 mlOLB^^ffi-e37 c C 
, ^^K^ttttlUto ttffi^fc^^raBig Dye Terminator 

Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)i:model 3700 DNA 
sequencer 

(Perkin-Elmer^fflWtJR^nr.r*— ;V\ZM<>XMMW&\<V®:'fe$:$To 
tz 0 ^r^^HfcDNAgB^IJ (@B^lJ#-^-2) teGeneMark.hmm (Lukashin A. and 
Borodovsky MjfflV^fc^-K^Srtt^U SD$i@E^J<«gg&^£tTl\ 12 
kbcDBJr^cp^^fiOORFCopen reading frame) %%&%AJt. (05) 0 Blast $rfflV\ 
ORFOT^y^gB^J^^/^-e<^*^» :1 > :: ^-^^?^^TV^ % 12flI<D5*>7j@te:, gE£a<£>;*7 
P^/^K£^/#»fc^(crtW, crtY . crtl . crtB, crtE, crtZ, idi) i:ffilWH4^i-^<J: 

d^^-ofc(^2) 0 a^s^jt^HORFm, mf<nt*/vtem.te*th3LW-W£ 
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, m±^M<Dm^mmt<Dm— ^(identity; m—<DT$/mS&\<Otk&)<Otii&t£ 
s jEm%MtttblZUT<D£5lZ-L,xn<>tio -tt£t>*>. Blast^ti^7A(ver. 2) ( 
Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z., Miller, W., 
and Lipmann, D. J., Nucleic Acids Res . 25, 3389-3402, 1997)£rJlV\ 
GenBank/DDBJO^— $&^t (tBlastn) &rfr ofc c fryh 
UfcT$/®?gE?iJ£fflV\ #Crt*V^SCt£OVvt\ Clustal W:7W^A (ver. 1.8) ( 
Higgins, D. G., Thompson, J. D., and Gibson, T. J., Methods Enzvmol. 266, 
383-402, 1996), &TJ\ GeneDoc^n^A (Nicholas, K. B., Nicholas H. B. Jr., and 
Deerfield, D. W. II., Rmbnew. News 4, 14, 1997) t£«k5A¥*f£rfT V\ &?>-/<?WlZ 
*3ttS^^M<D|^—'|4 (identity) Sr^fefCo ^t2^te, ^V/^-xV^^JS 
SD-212t!|cft3(50#Crt^^^JC(HB©IdiSr^tf) iJftt^Wi^-j&SjflijO^ofcfflljlW 

^JRSD-212^S^07^0Crt^>-/-?^(1^0Idi^tf>) W\ £E£lJ<Dftk£^£ 

m — tT^fcofco $b^<^-ti-tt> SD-212**£*©CrtZ£CrtE0>$t^tt, 50 

ffiV^O-et>, ^tt-ett, 46% / S.t^39%0|R|— tt-efeofc 0 SD-212*(DcrJZil^T- 
tt, E^J##2{^$tl/fcl2 kb(l 1,991 kb)<DEcoRI^f>t^M^^*3it6^^# 
^-1,319^1,804^3— KSttSae^Tf, •t©ifiSE^J»ia^J##29tJ:, a— K£ 
frZ>TK;m&m(CrtZ) flia^J#-^-30^$ttTV^ o SD-212t*<DcrtE5t^T-«s 
BB^!l#-^2l^$tvfcl2 kb (11,991 kb)<DEeoRm}f<DmffimiZ&tf%i&m%r3§r 
2,963d^3,859^3-K$tL^>jt^r% ^r^SBa^Jf*BB^J#-^31{i, =J— K&h, 
5T5:/^Ifl?lJ (CrtE) f*iE^J##32(C^$tbTV 

*fc, ^■crtm^mm^m^X^t, crtW . crtzite^^e^^^m^it^ 

^Oft^/ji^ ^Oti^^^iS^r J3 ( 0 -ionone) St^WI-^^ 

/-rKM^0i-a^0^^nxy-rK^^jt^^(Misawa et al., 1990 &1995; 
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Hannibal et al., 2000) fcfc#<JBfc*«3£«:^££fcaS:bJ&»ofc (1^5) . IPP^V^J 
§ 0 ft**, ±fB(D12j@(DORF(7^(Dcrtjt^^ti') -T-<T^tf^^K 
/^t^^I ( Brevundimonas sp.)SD-212 $i<DjJViT;'(V±&}$.Mfc^'$tte. 
[0080] [^2] 

ORF* GC% 7S-/K«S» *fflS;h.*«ffi : eO)<tS*«KDae^a«!lt<01ai5H4(%) GenBank number 



ORF1 


69.7 


140 


5fc*0 








CTtW 


69.6 


244 


& -carotene C4-oxygenase 


CrtW: Brevundimonas aurantiaca 


(96%) 


AAN86030 


crtY 


70.2 


392 


lycopene cyclase 


CrtY: Xanthobacter autotrophics Py2 


(52%) 


AF408848 


crtt 


67.3 


493 


phytoene desaturase 


Crt I: Xanthobacter autotrophics Py2 


(72%) 


AF408848 


crtB 


72 


310 


phytoene synthase 


CrtB: Xanthobacter autotrophics Py2 


(53%) 


AF408848 


ORF6 


75.8 


354 










ORF7 


74.6 


315 


**n 








crtE 


71 


298 


GGPP synthase 


CrtE: Xanthobacter autotrophics Py2 


(39%) 


AF408847 


idi 


74.9 


350 


IPP isomerasc (Type 2) 


IPP isomerase: Pantoea agglomerate 


(53%) 


M87280 


crtZ 


66.9 


161 


0 -carotene C3-hydroxylase 


CrtZ: Pantoea agglomerans 


(46%) 


M87280 


ORF11 


70.7 


257 










ORF12 


66.7 


122 











CrtW, Brevundimonas aurantiaca (GenBank number AAN86030 ); CrtY, CrtI, CrtB. CrtE, Xanthobacter Py2 (GenBank no. AF408848, 
AF408847): IPP isomerase (Idi), CrtZ, Pantoea agglomerans {Erwinia herbkvfa EholO) (GenBank no. M87280). 



Lukashin A. and Borodovsky M., 1998, GeneMark.hmm: new solutions for gene 
finding, NAR, Vol. 26, No. 4, pp. 1107-1115. 

Misawa,N., Nakagawa,M., Kobayashi,K., Yamano,S., Izawa,Y.,Nakamura,K. and 
Harashima,K., Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway 
by functional analysis of gene products expressed in Escherichia coli. J. Bacteriol. 
172, 6704-6712, 1990 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W., Structure and functional analysis of a marine bacterial carotenoid 
biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the 
gene level. J. Bacteriol. 177, 6575-6585, 1995 (##fF^CfSfel) 
Hannibal, L., Lorquin, J., D'Ortoli, N.A., Garcia, N., Chaintreuil, C, 
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Masson-Boivin, C, Dreyfus, B. and Giraud, E., Isolation and characterization of 
canthaxanthin biosynthesis genes from the photosynthetic bacterium 
Bradvrhizobium sp. strain ORS278. J. Bacterid. 182, 3850-3853, 2000 
Larsen, R.A., Wilson, M.M., Guss, A.M. and Metcalf, W.W., Genetic analysis of 
pigment biosynthesis in Xanthobacter autotrophicus Py2 using a new, highly efficient 

transposon mutagenesis system that is functional in a wide variety of bacteria Arch. 

Microbiol. 178, 193-201, 2002 

&UOYtF<Dmm&WbfrKirZ>tz.tb, *J3§^^-pUC18(TOYOBO) ©a— K 
ORF&, :7 P 7^Kp5Bre2-15<DDNA£#|»LTPCR-r*if *IU 3-#^hv^--i? 

m&mztizzk&m&utfrt>T*3bz 0 Mcfcmaz. #orf^5'^#j^ecori§p 

3'?lca#IK:BamHfol<taXbaI^ 
BB5U## (5-28) (D^^—^m vtPCRlcritfgUt, BBH&ttDNAaKy^— M 
ttLa-Taq (TaKaRa)£JBV\ £*96Xm5&mW(&&&. 9&CT*21ffl. 56°C-C30# 

. BamHI^L<?±Xba»CJ:S^>fb^=ffVV l%T#n— ^/I^^IbSr^ofco tfcfc: 
B&)<DM&0)DNA&TJfv— *$M/3&»fcWlilU *t^(Qiagene Gel Extraction kit, 
QIAGENE, ^IXteGene Clean II Kit, BIO101) £rtTofc 0 qWMZtlitDNAfe 
pUC18tf>EcoRI^ BamHfolX teXbalgBfefc^MU ±BMDH5 a ^mW^Vtc 

^ljMetThrMetIleThrAsnSer^#^n$^b5J;5 Kf^ ^rV£*VCV ^5, 

MM^]lOX^L-f^^^(Doib, crtE, crtB . crtl . crtY, crtZ, crtW ifrfg^-Sr^tf 
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^°7^5:K^tULfCo JfcttJ&tbfc^^KfiBig Dye Terminator Cycle Sequencing 
Ready Reaction Kit ver.2 (Perkin-Elmer)£model 3700 DNA sequencer 
(Perkin-Elmer)£rJE V M^I^Dha- MZ.'titoXMgM?\\(OWM$:'<7 ofc„ Of?*? 
^W&ttitttl^lnpUCBre-E (lacZ::crtE). pUCBre-B (lacZ::crtB)> pUCBre-I 
(lacZ::crtlX pUCBre-Y (lacZ ::crtYk pUCBre-Z QacZ: :crtZX pUCBre-W QacZ :: 
crtW)££<Wc 0 

^CD^. ^Z(D&\Z.^iT&M%v^y^Y^Mfe~77^^ (chloramphenicol Cmif 
tt)^W-T ; 5^J3im(-rttib<^^^^K^^Ab, Ap, Cm£S&HlUfc2 mlcDLB?&#: 

IS#:«:STE-t*— mac^, 200 M l^T-feK/Sr^PU ^/V^y^-S^^iOfe^ 

*mm*bT^v^^mJz.o ^t^m^n^\ ±mz?>mu hplc-pda 

^y^T-K (Waters Alliance 2695*3 j:t^29967^-h^^—KTW^W^)"t?'fe^<^^ 
tff^fTofCo #9AtCfiiTSK gel ODS-80Ts (TOSOH)£rJSl\ M^#f*> A?&(95% 

B^C^y— yVr^b^tKo^^ (tetrahydrofuran; THF), 7 : 3]-C5# 
RgA?gl00%£rMi£U 5^^10^-O^-XfA^ 100 %d>b<SrB$fc 100 % KMM??^ 

-CtfV\ ftSOEmpowery^h^^T-C^W^tTofCo ^D°pi:UT{*, #«#n7V-fK 
^j£tB&#**-5*IMif («3fe) ^^^4ffibfc#.**fc^^^ , a^ai:LTffiv^, 
470 nmW^NF^^^M^lt^^j;9^M9^^®^n^/^K^^$tV 
S^^?ft®bfc(^3*r)„ rtbe>©3fe*J:t). :/W^^r^*«SD-212tfc<D£-» 
S^crt3ttfcW;«^ft-e^fEU |£#<^crtitfc^(crtE, crtB, crtl, crtY, crtZ, 
crtW) kmm<Dffif&&&1rZ^bfimtbfrkft<>1t < > fcfcU pUCBre-I (lacZ::crtD^ 



pUCBre-Y QacZ ::crtY)<£>3iS3!,te, ^JM^^*)!! ;6>ofco |5E*n©#l^** 
(DCrt^^®^50%^T^P^ttb*^^V\SD-212^*^<DCrtE^CrtZ(r: 
o^Tte, *^R»Ct9, ^art-C^V^^ti^fcS^^^m^^^Co CrtE<D 
#^2. x/W^^T • £ H>*#7 (Erwinia uredovora : Pantoea ananatis) & 5fctf)CrtE 
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y^A-fcfny^gfeCGGPP) Srf^SGGPP^^— Vi*foZ>Z.ktfWbfrbti:otc 0 CrtZ 

/3 if ( 3 -C3-hydroxylase;3,3'- 0 

-hydroxylase) -efe^i^^BJ^.^ofCo **5, ®2tt^W<>^>f*^JRSD-212 

fc^7n^y-rKC>1--<T (fctx.fi, 2-tKn^-i/T^=ar^^^2-tKpdev'TK- 

[0081] [*?3] 

Brevundimonas M SD-212^©#Scr^eTO*iHg<£>|WI/£ 
??X5K sasn^PT-y-cK sD-212 *SEOc/*3ae* ****ifc*PTy-fK 

(lacZ :: &&crt) 



p ACC AR25 A crtE(c/1B,/, V,Z,X) 


FPP 


pUCBre-E {lacZucrtE) 




pACC AR25 A crtB(crt£, /, K,Z,X) 


GGPP 


pUCBre-B {lacZ v.crtB) 




pACCRT-€B (crtE.B) 




pUCBre-l {lacZ wcrtt) 




p ACCRT-E I B <c/tE,S,/) 




pUCBre-Y (lacZ ::c/*Y) 




pACCARI 6 AcrtX {crtE,B,l, V) 




pUCBre-Z (facZ;; crtZ) 


**7**>f >(80%), MWWsf >(10%) 


pAC-Cantha <crf£,B,/, V, l(V) 




pUCBre-Z (lacZ ::c/fZ) 


7*m>*:/<41%), 7K.-*tf>*X47%) 


pACCARI 6 AcrtX (crtE,B,l, V) 




pUCBre-W {lacZ v.crtW) 


(90%), IW;>(5%) 



c^«ji2] p-tf7?hi/y~"&- oKFnffl&*f<? , g<Dm%.k&m£m<DM$r 
mmmio^vtc^^v^-h, mm<D&M&-e%ft^oBFi, orf6, orf7, 

ORFll, ORFl2^t?^7^K&^1-5;*:J»0«\ Ap£r«&tiaU5:2 mlOLB^ffcig 
ifi-T?3rC, -gfci#*^ :/9^K£#JfflUCo »ltb$ttfc^9^5KttBig Dye 
Terminator Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer) t model 3700 
DNA sequencer (Perkm-Elmer)£fflV^M<E>:/tir*=i— MZ&oXi££iW£M<nWM 
ZftotC ^^^K^ttf^T^^tbpUCBre-Ol (lacZ::SD212-ORFl) , 
pUCBre-06(lacZ::SD212-ORF6) „ pUCBre-07 (iacZ::SD212-ORF7) , 
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pUCBre-Oll (lacZ::SD212-ORFll) . pUCBre-012 (lacZ::SD212-ORF12) b£^3if 

bls^&VtCo t©t, &'fr#«t&fTV\ -MKfSr^iftU HPLC-PDAv^Af;!^ 
^16^11 1 1 b m%ijymK£Y)&m<DftffiZfto1t 0 

KBa?UttE?!l##4^$tb-CV>5)o ORFll^gfe-^liigUB^^K 
pUCBre-Oll (lacZ::SD212-ORFll) £\ pACCAR16 A crtX^"^ j3 -*orylt 

(dh5 a) tfAUctofeiittit-eii, &mmmi6ft<Dtz.%K j3 -Un 

7^(451 nm, 478 nm)tf>#&;$Sf&&£>*U «®t£$J<mi#<£>£~ ^(£451.0 nm N 
478.8 nm<D^l|Jl»?r#o^lK^^:fe^tV, 13#tf>£^t£452.2 run, 

477.6 nm(DWiumi^w^mmm^bh^m^ ^wx^tix^^) 0 tctdu 

PACCRT25 A crtXl±l5fc(Di? T*V^>'%^f&ftb1r%T±b>miiiWbm-&U 
co-HPLC^tTofCo tOlgt, ^ttb2o<Dt°-^}iifT^^^^(^#^F^:10.6 

J3 , |3 d^-2,2 ' -2^-— /V ( j3 , ]3 -carotene-2,2 ' -diol ; 2,2 ' -v'fcRn^v'- 
0 „ RTf, /3 , J3 -#vT>-2-$r— ;V{ $ , 0 -caroten-2-ol;2-fcKn^v'- 

0 -#o^rV) T*fc5£3NS£*W5: (0 10#M) o 
ORFlKDSi-^^^ffl^^^KpUCBre-Oll (iacZ::SD212-ORFll)?r. pACCAR25 

a cnx^m-r^ r^-tyfyi&^ii (dhs a ) ^^Abrt^o-fe^^m^-e 

10.6^(D^NFratCifT=¥i^^^ (451 nrru 480 nrrOOM^fg&ktU ^ 
^^^ff^t°— 9.1^^^1-451.0 nrru 478.8 nm<Z>M@*$r*#o 
HfoWlfimfrbtl, *fc> 9.9^(^452.2 nrru 477.6 nm<«lDl£^0^Jf2(Dfc 0 — ^ 
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y-^»x~3bz>bm%&titc(mio, mmmi^m) 0 u±<Dmwztt, orfii^- 

K-fSate^^fe £ -^yST/l/M^-MYv^Sy—V ( 0 -C2-hydroxylase ; 2,2 ' - j3 
- hydroxylase) -C*>«9, 0 -^ox^ifT^V^f^ttS )3 yf±©2{S 

pAC-Cantha (DH5 a ) fc^WSK 

pUCBre-Oll (lacZ::SD212-QRFll) £>HAU ^Ji^lllt?^U^^"t?^,^^*f^ 

«^^b^4.7#^ 

MS, £;f$-T?^£*l/CV^)o ^^iUOm^MW^L^^fy^^ 478 nm, 474 nm 

V>ii:dSfl||R$ttfc(08c)„ #n^/>TK3&tMr«*vei'U 2,2'-J?tKn^- 0 , 0 

(2,2 ' -^tKp^f^y^^ftyf y) . 0 , 

i 8-*n^-4 > 4'-^^(2-fcKn^V*^^>'^>')^&S^I^^$n.^(BllO, 
^Jfe^)13#M)o 

^^KpAC-Asta *^%T^*^^>^TY~*^>^>m$LX 
MM (DH5 a ) f^^^KpUCBre-Oll (lacZ::SD212-ORFll) £r#AU ^160flll 

-e^Lfc^ife-e^^^^ofcdg^o fiy*i*iB6.4-6.7^KiT^^ 

^^^Ofc 0 -^^^ % ^^^8.4-8.6^^^-^f-TK^^^^t°— ^ s 
^^tvfCo ^Nf^5.1— 5.2^-<DT^^^ri^^^«t«9iSJl3H4{l!l^475 nm<D 

) 0 £*±tf>*£*J:«?, ORFll©3— Ki-Site^M^ &-s(*;^n-2-wn* 
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pUCBre-Ol l&tfpACCAR25 A crtX$:2gAWb:*:E§^£2 L (y^h/V) <D2xYTlgi& 

-emmu 8,000 rpmx*ioftmT&>b~tz>-bK£y^ mfcZMfttco mftzsTEmmm 
mmmz0m)xmMu s.ooo ^m^io^is^i-s^i-j^ nm. mw-*m#> 

fc 0 0^^Tirh^-^^y— 7Kl:l)400 ml£#P;tTlB#raif #Lfc 0 MWi 

267 mg(Dmw,^ntc 0 r^v-y^y/v-6o(i5 g )^^^n^^ 

-C#HtUt 0 ^tt^^HS^^/K8:2) (7:3) (6:4)*3«ttf(l: D# 
100 mn?Jli#c2gffiU ^feb7h377^v-3V^#fCo lottmt^fytfcofc 

a902^^^3^(D|^)^^ ofc 0 P£«HPLC-PDA-MS#*i\ 'H-NMR^- 
WUU^fTofco HPLC-PDA-MS^Wtt, PDA(7*W>f^-— K7W)tfeWS##t 
^nHPLC^^tbT^^MNano Space SI-2£rfflV\ rtUClf— 
ThermoQuest) ttSH^^h^y ^Silf fi5^*f^SLCQ advantageV^ 
fc^&fflVvtlTofco #^-M3:C30 ^9A^&5!f^^tt*iDeverosil 
C30-UG-3(1.0mmi.d. X 150 mm)£rfflV\ 77V#5^£bTDeverosil C30-UG-S&- 
fflVvfco ^ffl^#tbT, 0.1 ml/min ©flEj^C, 96%^7— /KA)-C12#\ Ad^b 
tert-^/V^/^— ^/P(TMBE) (B)^0^7^VKB: 0-60%, 12— 72#h * 
<D«OJ^fli-e72-82^taUfCo MSte^JEfb^^b&KAPCl) tc£<9$rttJ 
Ufc 0 1 H-NMR^^yr^±i^INOVA750iX^AM V >Tfi^nn2j>/WA«f"t?il!)^U 

HPLC-PDA-MS^*f (fiy^lNfra (RT) 13.48#\ ^max 449, 475 nnu m/z 601 
[M+H]\ 583[M+H-H 0]\ 565[M+H~2H 0]\ ,R.t^ RT 17.755K Xmax 450, 476 

2 2 

nnu m/z 585[M+H]\ 567[M+H-H 0] + ) , 'H-NMR^Hf^*!;^ JhfB©2o<£>:79^ 

2 

is^^fttE-t&JjvTMm^tL^tL, /^h^^^Cnostoxanthin^^'-^tK 
n^if T^^V) , &TJ^ ^T3^^^(caloxanthin;2-t:Kodr>'^T^^>' 
^>-)"efo5£IH^$;frfc(Buchecker, R., Liaaen-Jensen, S., Borch, G., Siegelman, 
H. W., Carotenoids of blue-green algae. Part 9. Carotenoids of Anacvstis nidulans. 
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structures of caloxanthin and nostoxanthin. Phytochemistry 15, 1015-1018, 1976) ( 

mio#fia)„ 

/^Hri^^: 1.0K6H, s), 1.14C6H, s), 1.72(6H, s), 1.98-1.99(12H, s), 2.15(2H, 
dd, J=17.4, 10.0Hz), 2.49(2H, dd, J=17.4, 6.7Hz), 3.33(2H, d, J=10.0Hz), 3.84(2H, 
dt, J=6.7, 10.0Hz,), 6.0-6.7(14H, m\ fjxx^-y^^: 1.01(3H, s), 1.08(6H, s), 
1.14(3H, s), 1.49QH, t, J=12.0Hz), 1.72(3H, s), 1.75(3H, s), 1.80(1H, m), 
1.98-1.99(12H, s), 2.05(1H, dd, J=17.4, 10.5Hz), 2.15(1H, dd, J=17.4, 10.0Hz), 
2.40(1H, dd, J=17.4, 6.3 Hz), 2.49(1H, dd, J=17.4, 6.7Hz), 3.33(1H, d, J=10.0 Hz), 
3.84(1H, dt, J=6.7, 10.0 Hz), 4.01(1H, m), 6.0-6.7(14H, m) 0 
P UCBre-Oll^.U ? pAC-Asta^^Abfc^:J3i0^2 L<D2xYTl#ife-eif 8,000 

■vmnu 8,ooo rpm-cio^^'5i-sri:^j;«5, nst. MVf*M#>t^ mmzT-t 
b>-*?s-Mi : 1)400 nA&tiaz.ximmnmi'tco m»&.mm&&Emm^ 

27 mg<Dtem#J&#/c 0 ZJV&isVXyA*- 60(15 g)*7^avb^77^- XftMo 
j^ii^1f>'-B»r.^M7:3) (6: 4) &£Xf (1:1) #100 miX'MlfcMM^ 

. ^l^^B^^mM^notCo HPLC-PDA-MS##f (RT 11.98 £\ ^max 473 
run, m/z 613 [M+H] + ) % ^-NMR^flf K«fc*), vltUS, 2-tKn^VT^^^>-^V( 
2-hydroxyastaxanthin)-C«^|^^$^fc(#^fPi:i^2) (|2l2#ffi0 o J^T^'H-N 
MR^— *&^1- 0 1.22(3H, s), 1.27(3H, s), 1.30(3H, s), 1.33(3H, s), 1.82(1H, m), 
1.96C6H, s), 1.98-2.0K12H, s), 2.17(1H, bm), 3.53(1H, m), 4.19(1H, m), 4.33(1H, 
m), 6.2-6.7(14H, m) 0 ^HI(*2,3,2' ,3'-^^^^- 0 , 0 0^^-4,4'-^^ 
(2,3,2 ' ,3 ' -tetrahydroxy- j3 , j3 -carotene-4,4 ' -dione ; 2,2 ' -i^Kn^T^^ri?- 

x&zK.-rx'&Zo 

immmm orfi i \zxz>&&£ Mt&m<D m £ immmm.) 

pUCBre-Oll^t/pAC-Cantha^Abfc7CM0^2y5/^^2xYT^i*-ei^*U. 
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8,000 rpm-eio^ra^^-rsw^^.tt). ffifc&M£>tc 0 m^sTEmmm (mmmz 
&m)x*mmu 8,ooo rpm-eio^r^^^-ra-^^J:«5> mw-frgkfttio mw- 

\Z.TW/-t? 1)400 ml^P^TllWJI^Uio ffiM&. iti^Sr^ffiSI 

«su 85 mg<D^m^^#fc„ m^>y^y/v-6o(i5 &ii s 7J>#ww s 7'74— -c 

#8f£Ui 0 ^|£te^r1f>'-g^^A' (8 : 2) (7 : 3) *3<tt^(l : 1) #100 ml-Cllff^ 

^>3^(D|^£rtTo:/t 0 HPLC-PDA-MS##f (RT 9.30#\ ;imax 472 nnu m/z 
597.2 [M+H]\ RT 17.62 5h Xmax 474 nnu m/z 581.2 [M+H] + ) , MftM (HR 

)FABMS#tf\ 'H^^^^^-^^NMR^Wl-i^s r^ibte, 2,2'-v ? fcKti3->- 
0 , j3-^nx^-4,4'-v ? ^-^(2,2 , -dihydroxy-j3 , 0 -carotene-4,4'-dione;2,2'-v ? t 
Kn^y^^f-^V, %mt&m (I) ) > 2-tKndrv-- /3 , j3 -#n^V-4,4 
' -v 5 ^"^ (2-hydroxy- j3 , $ -carotene-4,4' -dione ; V 

[0082] Mb2] 




(I) 



07^-4,4'-^^: HRFABMS (m/z, OtfX ft^^fli: 596.3866(0^0^ ^SlJifi 

596.3863, *H NMR(750MHz, M^t*7ivKktK 6 ppm), 1.22(6H, s), 1.26(6H, s), 

1.89(6H, s), 2.00-2.02(12H, s), 2.62(2H, dd, J=17.4, 9.0Hz), 2.80(2H, dd, J=17.4, 

4.5Hz), 3.90(2H, dd, J=9.0, 4.5Hz), 6.2-6.7(14H, m) 0 j3 , 

-4,4' -v^: HRFABMS(m/z, [M]\ ^#^580.3916(0^0.), 

580.3900, 'H NMR, 1.21(6H, s), 1.22(3H, s), 1.26(3H, s), 1.85(2H, t, J=7.0Hz), 

1.89(3H, s), 1.90(3H, s), 2.00-2.02(12H, s), 2.51(2H, t), 2.62(1H, dd, J=17.4, 
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9.0Hz), 2.8(1H, dd, J=17.4, 4.5Hz), 3.90(1H, dd, J=9.0, 4.5Hz), 6.2-6.7(14H, m) c 

^Vfc ¥ ^M<D— magna^i^ W^tbfc^V ^^^^^^ 
, ^^^.t^^^tvfct^^m^^^T-CfcSCPartali, V., Olsen, Y., Foss, 
P., Liaaen-Jensen, L., Carotenoids in food chain studies-I. Zooplankton (Daphnia 
magna) response to a unialgal (Scenedesmus acutus) carotenoid diet, to spinach, and 

to yeast diets supplemented with individual carotenoids. Comp. Biochem. Physiol., 
82B(4), 767-772, 1985; Foss, P., Partali, V., Olsen, Y., Borch, G., Liaaen-Jensen, 

S., Animal carotnoids 29. New (2£)-2-hydroxy-4-keto- Q -type carotenoids from 
Daphnia magna (Crustaceae). Acta Chemica Scandinavica B40, 157-162, 1986) 0 

mmm 15] in ^£^mmi\^^m% 

#J14T^J&£;frfc2o(D#n^y^K&fflV^ ~7V— =7i?%MZ.£V)%\$&Z.&tlZ>m 
MMmit<Din v&mmffl$l$k&. ^HB**^*— h£J^-Cf^fc 0 ^Tyt-f 
^mZKubobiDXmicmWklsXft^tl (Kubo, K., Yoshitake, Y., Kumada, 
K., Shuto K., Nakamizo, N. Radical scavenging action of flunarizine in rat brain in 
vitro. Arch. Int. Pharmacodyn. Ther. 272, 283-295, 1984) Q 100 mM!Jyti»S( 
pH7.4)0.6 mlfplC, W^Pc(D^/— /HM0.05 ml, 1 mMTXn^tViO.l ml( 
ft^SlOO n M) , RXfH O 0.05 ml£»U 37^55^ ^W^^-v' 

2 

37 < Ct?l^ra, MWlsft&tyi^^—h&ft^tCo 20%(w/v)by^n^, 
0.5%(w/v)2^/VHfy-;vK, RXf0.2 NMMfrSt?m&Wil ml§r_hfBSi^^ 
Kmn-fZZ.bXRfo&WlklstCo Ztl&100'K:X30ftm%tM®imL,X&&&^ Jft 
*U8L 3000 rpm^5#Pfl^#!ltL-fc„ 5i^«_h»«)532 nn.tO|)tI(A )«r 

532 
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50 

mmmutoUftmtuto ^mm.^^m^z^ir 0 m^hm^^x^ 2-tK 

p^H/- 0 , j3 -*nr>'H,4 , -^y(2-tKP^ym>'f>')^2 ) 2 , -^tK 
[0083] [«4] 

fsWrJ^ H IC 50 (mM) 



p-Aor> > 100 

*>^^it>^> 50 

2-tFD*^>^+t>f> 8.1 

2,2' -yth'D^yA>^^>f> 4 8 



#0©tf$fc*g<&£iaS-C*>5 0*H#W 1 WM (#02003-388165^ 
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£X~F<D (aK (bh (c),Xf*(d)^i-^^K: 

(b)IE^J#^-4|E«(DT5y^iH^J^^V^Tl^b<{*1SM<DT$7^#^D,^:^ 
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[8] 0 -4yf;^m<n2&<Dl%mft*mk£ftt'*v^MVl)K J3 , j3 -*n^-2-Jr— 
/K2-fcKn^iy- 0 -^n^V) x 0 , 0 -#07^-2,2' -vo*-— /V(2,2 '-v?tKn^>- 
j3 ,^n^^^ (2-tKn^VifT^>-^) , (2,2' - 

v?tKn^>if T^l^^) > 2-tKn^rv-- 0 , 0 -v^V (2-fcKndf 

Vy^^l^^h 2,2'-iW^:x-0 , 0-#^>--4,4'-^>-(2,2 , -^fcRn 
dr^^^rlJ-^VK 2-tKn^>7^^^fyfy, 2,3,2' ,3'-^h^fcKn^i/- j8 
, 0 -^n^-4,4 , -^^(2,2 , -^tKn^T^^^>')T^^^^#i5:^-r 

[9] TfB<D^^«it^:(l)-C^tL§2,2'-^t:Kn^-i3 , p-Xv^ls-AA'-^X 

2,2 ' -i^K^v^^^^^) 0 




(I) 



[10] 2,2 , -v ? tKodf-v'-i3 , j3-^D^^-4,4'-^>'(2,2 , -^fcKn^^^^^^ 
) Xf^-tKn^- 0 , 0 -^a^^-4,4' -v 5 ^ (2-fcKn^r^ V^i^V^^) Sr^T 

[11] UT<D (e) % (f) , Xte (g) KlS%i-^^KS^— Ki-Sate^ : 

(e) m^m-^3omM<^T^mmm^b^^^\ 
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[12] w^i i {cis«ojt^T-^ALT#e>^^^^i-efco-c, /s --r^-/^mo3 

[15] ^^^^M-Cfc^r.i!^#m^-r^f»^l27!;Ml4^|E^<Z)^^i 0 
[16] «^12^15^iBlte^«4^ ^jfc^it^LTl®^Xte##^£> J3 

^y^(03^(7)^^^7K^b$^fc^n^y^K^#§i^^»-r^>7K^k$ 

[17] JMT© (h) , (i) , Xte 0) ^^i--<^K^-Ki-^a^^ : 
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[BI2] 




2. 3, 2',3'-rh7tFD + y-i3, 0 a ^ >-4, 
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[03] 



EcoRI 



SD 

M 5-1 5-2 7-1 8-1 9-1 10-1 SCS 212 



23. 1 kb- 

9.4 kb - 
6.5 kb- 
4.3 kb- 
2.3 kb> 
2.0 kb- 
1.3 kb - 
1.0 kb- 




12 kb 



BamH I 



SamH I + EcoR I 



23. 1 kb-* 

9.4 kb-*. 

6.5 kb_* 
4.3 kb-* 
2.3 kb^ 
2.0 kb-* 
1.3 kb-* 
1.0 kb-*" 




9kb 



8.2 kb 
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[B5] 

I / ^H ft I I """" '"^Sl N .: J I ^ V^^H [ ^V^""l 

ORF1 crtW crtY crtl crtB ORF6 crtE idi crtZ ORF11 

ORF7 ORF12 

Agrobacterium aurantiacum {Paracoccus sp. MBIC01143 ) 
crt\A^ crt^ crtY ^ erf/ ^ ctf^ 

Erythrobacter fongas Och 1 01 
crtV^ crt/ ^ 



Bradyrhizobium sp. ORS278 CD* >^> 

crfE crt/ c/t/ crfS crtW 
< ► ►— ►— » 

Erwinia uredovora 20 D3 (Pantoea ananatis ) 



Xanthobacter autotrophicus Py2 
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